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© isolating thermostable enzymers. 

© A thermostable enzyme free from unwanted con- 
taminants is isolated by: 

3(a) providing 'a mesophiiic host cell engi- 
neered to express a gene encoding a heterologous 
(^thermostable enzyme; 

(O (b) culturing the mesophiiic host cell and pro- 
educing the thermostable enzyme in a mixture com- 
(Uprising unwanted contaminants; and 
N (c) purifying the thermostable enzyme by a 
^method that includes heating the enzyme and the 
O unwanted contaminants to a temperature sufficient to 
fL inactivate the unwanted contaminants but not suffi- 
3]cient to inactivate the thermostable enzyme. 

A method of assaying for nucleic acid ligase is 
described which includes forming an adenyl adduct 



with the ligase and detecting the adduct. The latter 
method is used to screen a library of transformants 
for the ability to express the nucleic acid ligase. 
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ISOLATING THERMOSTABLE ENZYMES 



jhic invention ralates to the field of producing 
and recovering thermostable enzymes, particularly 
enzymes having activity related to nucleic acid 
metabolism (e.g. RNA or DNA polymerases, 
ligases, endonucleases or exonucleases). 

There are various uses for thermostable en- 
zymes having nucleic acid metabolic activity. 

Our European Patent Application No. 
8831 1741 JB (published under No. EP-A-0320308), 
the disclosure of which is to be regarded as hereby 
incorporated by reference, discloses an assay in 
which DNA ligase is used in repetitive cycles of 
first hybridizing probe pairs to a target, then Itgat- 
ing the hybridized probes, and finally denaturing 
the hybridized iigated probes. By such cycles, the 
ligated probes are amplified and detected, so as to 
provide an amplified signal representative of the 
target, in this assay, it is desirable to use a ther- 
mostable DNA ligase, e. g. from Thermus ther- 
mophilus, which can withstand the high tempera- 
ture required for denaturing the DNA without sub- 
stantial loss of ligase activity, so that the next 
ligation cycle is accomplished without adding addi-. 
tional ligase. 

U.S. Patents 4,683,195 and 4,683,202 describe 
a method of amplifying target DNA in a sample, 
using primers, triphosphates, and DNA polymerase. 
EP application 0258017 discloses isolation of ther- 
mostable DNA polymerase from Thermus 
aquaticus for use in that amplification procedure. 
The use of a thermostable enzyme in the proce- 
dure is said to avoid the need to add additional 
enzyme after eacn denaturation step. EP '017 also 
reports cloning a Thermus aquaticus DNA poly- 
merase gene and expressing it in E. coli strain 
DG116(ATCC 53606). 

Takahashi et a!. (1984) J. Biol. Chem. 
259:10041-10047, describe the purification and 
properties of the thermostable DNA ligase from 
Thermus thermophilic . Other references, 
Romaniec et al. (1987) J. Gen. Microbiol. 133:1297- 
1308, Liao et al.- (-1 986) ^00. Natl. Acad. Sci. USA 
83:576-580. Hara-Yokoyama et al. (1984) J. 
Bibchem. 96:1599-1608. Matsumara et al. (1985) J. 
Bior^emT260:1 5298-1 5303 describe the purifica- 
tion" and properties of various thermostable en- 
zymes. 

This invention has. arisen in the course of our 
work seeking to provide a straightforward way to 
separate thermostable enzymes from the contamin- 
ants that accompany their in vivo production. When 
separating the thermostable enzyme from its natu- 
ral background, troublesome thermostable con- 
taminants are difficult to avoid. For example, when 
purifying a thermostat)! ligase or polymerase, it 



may be difficult to avoid proteases which may be 
detrimental to the amplification procedures de- 
scribed above. Other thermostable DNA metaboliz- 
ing enzymes, such as DNA endonucleases also 

5 may seriously undermine the effectiveness of the 
above-described amplification assays. Even if the 
gene encoding the thermostable enzyme is cloned 
into a non-thermostable background, the host will 
produce its. own DNA metabolizing enzymes, and 

70 proteases. Thus, cloning by itself, only trades one 
set of contaminants for another. 

As will become clear from the detailed descrip- 
tion which follows, our techniques provide an op- 
portunity to effectively denature and remove host 

76 organism proteins, quickly and easily, possibly in 
as little as a single step with minimal risk to the 
desired thermostable enzyme. This enables an 
abundant, and relatively low-cost source of ther- 
mostable enzymes, without detrimental contamin- 

20 ants that otherwise may be difficult to remove. 

In accordance with a first aspect of -the present 
invention^ there is provided a method for obtaining 
a thermostable enzyme essentially free from un- 
wanted contaminants, characterised in comprising 

25 the steps of: 

(a) providing a mesophilic host cell engi- 
neered to express a gene encoding a heterologous 
thermostable enzyme; 

(b) culturing said mesophilic host ceil to pro- 
30 duce said thermostable enzyme in a mixture com- 
prising unwanted contaminants; antf 

(c) purifying said triermostable ■ enzyme said 
purification comprising at least one step m which a 
mixture comprising said unwanted contaminants Is 

35 heated to a temperature sufficient to inactivate- said 
■ unwanted contaminants but not sufficient to inac- 
tivate said thermostable enzyme. 

in this context, purifying the thermostable en- 
zyme means reducing the abundance or activity 
40 level of contaminating substances (e.g. en- 
donucleases, exonucleases, proteases) particularly 
those which interfere with the intended use of the 
enzyme such as in the selective amplification pro- 
cedure described above, or with recovery of the 
45 enzyme. Mesophilic host cells are cells which can 
be engineered to produce the desired thermophilic 
enzyme and whose proteins generally are dena- 
tured at a temperature that does not denature the 
desired thermophilic enzyme. Representative suit- 
so able mesophilic host ceils are described below. 
Heterologous, as used above, means that the en- 
zyme is not naturally produced by the host cell. 

In preferred embodiments, the mesophilic host 
cells are lysed after cutturing, to produce a lysate 
comprising the thermostable enzyme and unwan- 
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ted contaminating proteins. Preferably, the heating 
step essentially completely denatures and 
precipitates the undesired contaminants, so that the 
contaminants are readily separated from liquid 
phase containing the desired thermostable enzyme. 
The method preferably is used io purify enzymes 
involved in metabolism of, modification of, or action 
on a nucleic acid, for example nucleases, nucleic 
acid methylases, polymerases, ligases, or recom- 
binases. Particularly preferred enzymes are DNA 
ligases or polymerases. Preferred • enzymes, <are 
those from thermophilic : -bacteria (described? in 
more detail; :belcw) v^lctivsuryive^^a heating step of 
65* C to about tOO'a (most preferably 80 
95*C)^fdr a sufficient period of time (e.g. at .least 
about ,1-3 minutes, and preferabiy for at least ,5 
minutes) to inactivate mesophiiic host, cell proteins. 

Our described techniques overcome cloning- 
related difficulties experienced in obtaining ther- 
mostable ligases, such as the difficulty of easily 
assaying for ligase activity when screening trans- 
formants. and the difficulty of obtaining high levels 
of ligase expression in transformants. 

In particular, a second aspect of the invention 
features a method of assaying for NAD-dependent 
nucleic acid ligase activity (particularly thermosta- 
ble ligase activity) by forming a stabte covalent 
adenyi (e.g.from labeled NAD) adduct with the 
ligase, and detecting the adduct. Ugase activity 
present in a sample comprising undesired .con- 
taminants can be detected by heating the sample 
under conditions which denature the contaminants. 
This is particularly useful where any contaminants 
which would also form adenyi adducts are de- 
natured. 

This assay method may be used to screen 
host cells transformed with a library of nucleic acid 
segments, thereby identifying cells which express 
ligase activity. 

A third aspect of the invention generally fea- 
tures v a dbried thermostable nucleic acid ligase 
gene. e;g; nucleic acid encoding a protein having 
nucleic • acid (DNA) ligase activity which is ther- 
mostable; wherein the nucleic acid is part of, an 
engineered cloning vehicle in which that gene does 
notnaturaliy occur. 

A fourth aspect of the invention features an 
essentially pure DNA sequence encoding a ther- 
mostable nucleic add ligase. 

Preferabiy. in the third and fourth aspects, the 
cloned gene is part of an expression vehicle (a 
plasmid or other transformable DNA segment) 
comprising a promoter that provides enhanced 
(e.g. at least twice the level of gene product in 
unengineered cells) expression of the gene. 

Other features and advantages will be apparent 
from the following description. 

Fig. 1 is a diagrammatic representation of 



the components of piasmid pGL628 that contains a 
Thermus thermophilus DNA fragment extending 
from a BstXI site to a Bglll site about 2.6 kb away. 
Those skilled in the field will recognize that 
5 there are numerous ways to perform the various 
steps in the method for a w*de variety of enzymes. 
Generally, the techniques of recombinant DNA ma- 
nipulation, expression and cell cuituring are well- 
known techniques understood in the art. The 
io mesophiiic host cells used In the method can be • 
procaryotes represented by various strains of E. 
coli. However, other microbial strains may also be 
used, such, as bacilli, for example Bacillus subtilis , 
various species of Pseudomonas , or other bacterial 
T5 strains. In such procaryotic systems, plasmid vec- 
tors that contain replication . sites and control se- 
quences derived from the host or from a species 
compatible with the host are used. In addition to 
bacteria r eucaryotic microbes, such as yeast, may 
20 also be used as hosts. Laboratory strains of Sac- 
charomyces cerevisiae , Bakers' yeast, are most 
often used, although a number of other strains are 
commonly available 

It is also of course, possible to express genes 
25 encoding the thermophilic enzymes in eucaryotic 
host cell cultures derived from multicellular organ- 
isms. See, for example, Tissue Cutture, Academic 
Press, Cruz and Patterson, editors (1973). Useful 
host cell lines include murine myelomas N51, 
30 VERO, MD canine kidney cells, HeLa cells, and 
Chinese hamster ovary (CHO) cells. Expression 
vectors for such cells ordinarily include promoters 
and control sequences compatible with mammalian 
cells such as, for example, the commonly used 
35 early and late promoters from Simian Virus 40 (SV 
40) (Rers, et al., Nature (1978) 273:113), or other 
viral promoters such as those derived from 
polyoma, Adenovirus 2, bovine papilloma virus, or 
avian sarcoma viruses, or immunoglobulin promot- 
40 ers and heat shock promoters. A system for ex- 
pressing DNA in mammalian systems using the 
BPV as a vector is disclosed in U S. Patent 
4,419,446. A modification of this system is de- 
scribed in U.S. Patent 4,601,978. General aspects 
45 of mammalian cell host system transformations 
have been described by Axel, U.S. Patent No. 
• 4,399,216. Origins, of replication may be obtained, 
if needed, from viral sources. However, integration 
into the chromosome is a common, mechanism for 
50 DNA replication in eucaryotes. 

Plant cells are also now available as hosts, and 
control sequences compatible with plant cells such 
as the nopaline synthase promoter and 
polyadenylation signal sequences (Depicker. A., et 
55 ai. f J.Mol Appl. Gen . (1 982) 1 :561 ) are available. 

Recently, in addition, expression systems em- 
ploying insect cells utilizing the control systems 
provided by baculovirus vectors have been de- 
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scribed (Miller, D.W., et aJ„ in Genetic Engineering 
(1986) Setlow. J.K. et ai., eds., Plenum Publishing, 
Vol. 8, pp. 277-297). 

Construction of. suitable vectors containing the 
desired coding and control sequences employs 
standard ligation and restriction techniques thai are 
well understood in the art. Isolated plasmids, DNA 
sequences, or synthesized oligonucleotides are 
cleaved, tailored, and religated in the form desired. 

Site-specific DNA cleavage is performed by 
treating wfth the suitable restriction enzyme (or 
enzymes) under conditions, that are generally un- 
derstood in the art. and the particulars of which are 
specified by the manufacturer of these commer- 
cially available restriction enzynes. See, e.g., New 
England Biolabs. Product Catalog. 

Cloning of genes encoding thermostable nu- 
cleic acid metabolic genes, e.g. T. thermophilius 
DNA ligase, is significantly assisted by develop- 
ment of an effective method for detecting the activ- 
ity of such enzymes. In particular, where the en- 
zymes are expressed only at extremely low levels 
in the cloning background, detection may be so 
difficult that traditional strategies predicated on 
identifying clones which express the desired gene 
(e.g. complementation of deficient mutants or im- 
munological identification "of desired transfqrmants) 
are unlikely to be effective without such an im- 
proved screening method. 

The problem is exacerbated by lack of char- 
acterization of the desired protein, which hampers 
clonmg strategies based on sequence data. In par- 
ticular, T. thermophllus ligase has not been 
sequenced because of poor yields of enzyme and 
impurities (particularly proteolytic impurities). 

Accordingly, Example 1 regarding a method for 
detecting the nucleic acid metabolic enzyme 
(particularly thermostable DNA ligase) is an impor- 
tant aspect of our cloning strategy. Other Examples 
are provided concerning cloning and expression. 
These Examples are provided to illustrate the in- 
vention, but not to limit it 



Example 1 - Detection of the Thermophilic Enzyme 

The following observations provide a method of 
detecting a thermophilic enzyme which can be 
labeled with NAD, e.g. Therm us thermophilus 
ligase, in a mixture of host proteins. ~ 

NAD is most often utilized as a mediator of 
oxidation/reduction reactions, and very few en- 
zymes utilize NAD as a source of stored chemical 
energy Prokaryotic DNA ligases are one class of 
enzyme which does. Most other energy consuming 
enzymatic processes, including certain DNA 
ligases, utilize ATP as an energy source. Very few 
prokaryotic enzymes survive and remain active at 



temperatures in excess of 70* C. Aside from idio- 
syncratic examples, the majority of such enzymes 
exist in thermophilic organisms. 

It is known that some nucleic acid metabolic 
5 enzymes (e.g. DNA ligase) form a covaientiy iinked 
enzyme adenylate species as an intermediate in 
the reaction sequence they catalyze. We have dis- 
covered that at temperatures between 70 *C and 
80* C, thermostable DNA ligase from the ther- 
10 mophiie Thermus thermophllus can form a stable, 
covalent adenyl adduct, and that the adduct can be 
specifically labelled with 32 P If the NAD used as a 
cofactor is labelled with 32 P (available from New 
England Nuclear). The enzyme has an extremely 
rs low K« for NAD, so the above reaction is satisfac- 
tory for labelling the cloned ligase product, even 
though extremely small quantities of. thermophilic 
ligase are expressed in E. col) prior to engineering 
for increased expression. 
20 In general, mesophilic host proteins either can- 
not be labeled at all with NAD, or their ability to be 
labeled is substantially eliminated by previous ex- 
posure to 70* C or higher 

In outline, extracts suspected of containing 
25 thermophilic ligase are incubated at. 70^ C or high- 
er; 3Z P-NAD is added; samples are incubated fur- 
ther; samples are denatured and run on SDS 
polyacrylamide gel electrophoresis; the gel is auto- 
radiographed; and the presence or absence of DNA 
30 ligase in a sample is ascertained by the presence 
or absence of a labelled species which comigrates 
with authentic ligase. 

More specifically, cells are grown and cell ex- 
tracts are assayed as follows. 
35 The cells from a plate containing £ 70 colonies 
transformed with a library of cloned DNA segments 
from L t nerm °PN |u3 are scraped into 3.0 . ml of L 
broth. This suspension was used to inoculate '100 
ml of L broth in a 2 liter flask. The cells were grown 
40 at 37* C until they, had reached saturation (- 3-4 ' 
hrs.). The cells from a 20 ml aliquot of the culture 
were harvested by centrifugation, and the cell pel- 
let was stored at -20* C. 

The cell pellets described above were sus- 
45 pended In 10 ml of disruption buffer (20mM TRIS, 
0.1 mM EDTA and 1mM tf-mercaptoethanol, pH 
7.6). The cells were disrupted by sonication. The 
cell debris was removed by centrifugation (20 min. 
at 20,000 rpm, 4*C, SS-34 rotor). The resulting 
so supernatant was Incubated in a 80 "C water bath 
for 30 minutes. The precipitated proteins were then 
removed by centrifugation (20 min., 7,000 rpm at 
4* C, SS-34 rotor). The resulting supernatant was 
placed in an Amicon CentriprepTM (10,000 MWCO) 
55 and concentrated to s 0.5 ml. The concentrate was 
transferred to an Amicon CentriconTM (10,000 
MWCO) and the process of concentration was con- 
tinued until a volume of s 50 ul was reached. The 
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concentrated samples were then placed in plastic 
microfuge tubes and incubated in an 80* C water 
bath for 20 minutes. Precipitate was again removed 
by centrifugation (4 min. in microfuge) and the 
supernatant was transferred to another plastic 5 

• i ~ tnkA Tha HiKa uiac ana!n ntaroH in lh« 

IIIIUUIUQO IUi-m-" '«'v w«w "-v r .^w« - 

80* C water bath After the sample had reached 
temperature. 1.0 til of diluted ^P-NAD was added 
and the tube was incubated for 2 hours at 80* C 
(NEN stock 32 P-NAD was diluted 1/2 in 0,2M TRIS, w 
pH 7.6). Then 25 ul of Laemmii SDS gel sample 
buffer was added to the tube and the incubation at 
80* C was continued for another 20 minutes. The 
sample was then electrophoresed on a 10% Laem- 
mii SDS-gel. When the tracking dye neared the 15 
bottom of the gel the electrophoresis was stopped, 
and the bottom of the gel containing most of the 
32 P label (NAD) was cut away. The gel was soaked 
in H 2 0 for 30 minutes and then dried on a ge! 
dryer. The dried gel was then autoradiographed. 20 
The antoradiograph was analyzed for the presence 
of species which comigrated with authentic ligase 
during electrophoresis. 



Example 2 - Assay of DNA Ligase 



25 



Ligase can be semi-quantitatively assayed by a 
nick sealing procedure. Plasmid DNA (Pud 9) is 30 
nicked by treatment with BamHI endonuclease in 
the presence of ethidium bromide. (pUCl8 and 
many other plasmids could also be used.) Ugase is 
assayed by treatment of a fixed amount of nicked 
plasmid with dilutions of samples containing ligase, 35 
followed by agarose gel electrophoresis in the 
presence of ethidium bromide. Conversion of 
nicked to CCC form DNA is assessed and cor- 
related with dilution. The assay is especially: useful 
for determining thermophilic ligase activity when 40 



the reaction is run at a temperature between 50* C 
and 75" & 

The specific DNA Ifgase assay is conducted in 
the following buffer: 50mM Tris, lOrnM MgCb, 
50mM KCI, 2mM MnCIa, 1mM DTT, tOug/ml BSA, 
and 0.1 mM NAD. Ligation Is performed using a 
mixture that is 2ul DNA ligase containing sample, 
1ul DNA (mg/ml nicked DNA), and 7ul of the 
above buffer. The mixture is incubated for 30 min. 
at 88* C and ligation is stopped using 6ul of 50mM 
EDTA/0.5% SDS, and 0.05% BPB. 

To detect ligase, 5ul of the 16ul mix is elec- 
trophoresed on a gel of 0.8% agarose with 1 .Oul/rnl 
ethidium bromide, TBE running buffer. A positive 
control is run using E. coli DNA ligase 



Example 3 - Cloning of Thermophilic Ligase 



T. thermophilus cells (ATCO 27634) were 
grown and DNA was prepared from gently lysed 
cells by equilibrium density gradient centrifugation 
in CsCI. DNA was partially digested with Sau3AI 
and cloned in the Bell site of the positive selection 
vector pTP.264, a version of pTR262 (Roberts et 
ah, Gene 12:123 (1980)) which contains an ampicil- 
lin resistance gene. Tetracycline resistant clones 
(i.e. those having inserts) were isolated. Pools of 70 
colonies were made, and lysates of such pools 
were examined for the presence of thermophilic 
ligase by the procedure of Example 1. A positive 
pool was identified, and broken into sub-pools of 7 
colonies. By repeating the procedure and breaking 
down the subpool to single colonies, a clone con- 
taining thermophilic ligase was identified. It carried 
a plasmid which was named pGL600 

The identity of the NAD-labelling species was 
confirmed to be DNA ligase by assaying as de- 
scribed in Example 2. 



Example 4 - Location of DNA Ligase Gene 

PGL600 contained about 8kb of inserted DNA. 
By subcioning, we localized the gene to a region of 
about 4kb (the coding capacity required to specify 
the gene was estimated to bo about 2.2 kb). Since 
the subcioning was done In pUC18 and PUC19, 
identical subclones were obtained which were posi- 
tioned oppositely with respect to an external lac 
promoter. Quantitation of the levels of ligase pro- 
duced by such pairs of clones strongly suggested 
the orientation of the ligase gene. 

Deletion of a Bgll bounded fragment near one 
end eliminated ligase formation and suggested that 
the beginning of the gene lay within that fragment. 

The Bglll generated fragment was sequenced, 
and a putative start point for the ligase gene was 
identifed by analysis of the sequence. 



Example 5 - Expression of Thermophilic Ligase in 
E. coli 
45 

Although thermophilic ligase was detectabJy 
expressed in E. coli, the low and variable levels 
suggested to us that considerable improvement 
could be obtained. Analysis of the sequence re- 
50 vealed three useful facts, 

1. The putative start codon is cleaved by the 
restriction endonuclease BstXI (See Fig. 1); further 
analysis revealed that this site was unique within 
the DNA spanning the gene; 
55 2. The gene lacked an optimal ribosome 

binding site for expression in E. coli; and, 

3. The gene apparently lacked an associated 
promoter conforming to the consensus promoter 
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sequence In E. coli. 

An appreciation of- these observations informed 
the following procedure: 

A DNA fragment comprising almost all of the 
gene was prepared from the BstXI site at one end 
to a Bglll site past the distal end of the gene. 
Synthetic DNA was prepared which could link the 
prepared DNA to a strong promoter; this synthetic 
DNA restored the initiator codon and provided a 
good ribosome binding site (See Rg. 1). 

Several such constructions, were made, varying 
the nature of the promoter and the ribosome bind- 
ing site. For example the lac promoter from the 
pUC plasmid was used, the X P L promoter was 
used, and the M13 gene II promoter was used. 
DNA ligase production was monitored by 
polyacrylamide gel electrophoresis of cell lysates 
and by the assay procedure of Example 2. 

One suitable construction resulting from the 
above procedure is a plasmid designated pGL628. 
Its components are shown in Rg. 1. 

Construction of pGL628 was accomplished in 
cells which provided cl repressor to control expres- 
sion from the Pl promoter on the plasmid U.S. 
patent application SN 091,837, filed September 1, 
1987 by Keith C. Beckman and Barbara Bolten, 
describes a method for preparing such strains. One 
such strain is KB649. 

Plasmid pGL628 contains the -2.6 kb BstXI to 
Bgl II Thermus thermophiius DNA ligase DNA frag- 
ment. That plasmid. in E. coli, strain KB649 has 
been deposited in the American Type Culture Col- 
lection, Rockville, MD and given ATCC Accession 
No. 67858. 



Example 6 - Production of Ligase 

Strain KB649/pGL628 was grown in a fermentor 
at 30 *C in 10 lit res of minimal salts (e.g. M9 
media) plus 15-20g/l glucose. When the cells 
reached mid log phase, the temperature set point 
was changed to 42 *C, and incubation was contin- 
ued for about 2 hours. Cells were harvested, and a 
cell paste was stored frozen. By examining cell 
lysates resolved by polyacrylamide gel 
elecrophoresis in the presence of sodium dodecyl 
sulfate, ft was determined that between 5% and 
10% of the total cell protein was thermophilic 
ligase. 



Example 7 - Ugase Purification from pGL628 

Cell pellets (33g) were resuspended at 4ml/g in 
disruption buffer. Disruption buffer consisted of the 
following: 50mM Tris-HCl, . 1 0mM MgCI 2f 50mM 
KCI, 2mM MnCl 2 , 1mM DTT and 10mM NhUCl, 



pH7.7 

The disruption was carried out in a French 
Pressure cell at 14,000 PSI (9.65 x 10 7 N/m 2 ).The 
suspension was then spun down at 20K rpm for 20 
5 minutes. The supernatant was removed and in- 
cubated in an 80* C H 2 0 bath for 30 minutes. This 
suspension was then spun at 7.5K rpm for 15 
minutes. The supernatant was then made up to 2% 
streptomycin sulfate using a 10% stock solution. 

70 This 2% solution was stirred on ice for 20 minutes, 
then spun at 12.5K rpm for 20 minutes. 

This supernatant was loaded on a Cibacron 
blue column (136ml -bed volume) equilibrated with 
20mM Tris, 50 mM KCI, pH7.6. The column was 

is eluted with a three-column volume gradient of 50 to 
500 mM KCI. Fractions were collected in a 5 ml 
volume at a rate of 2.0 ml/min. 

Active fractions were pooled, and subjected to 
an Amicon stirred cell concentrator, then an 

20 Amicon centriprep concentrator until the volume 
was 1-5% of the following gel filtration column. 
Specifically the sample was loaded on a Fractogel 
50S column (bed volume 100 ml) equilibrated with 
lOmM KPO*. 100mM KCI, 1mM MgCI 2l pH7.6, 5ml 

25 fractions were collected, at a rate of G.5ml/min. 

Active fractions were pooled, concentrated in 
an Amicon Centriprep, made to 20% glycerol and 
stored at -20* C. 

Other embodiments are feasible. 

30 For example, other thermostable enzynes such 
as polymerases can be prepared. 



Claims 

35 

1 . A method for obtaining a thermostable en- 
zyme essentially free from unwanted contaminants, 
characterised in comprising the steps of: 

(a) providing a mesophilic host cell engi- 
ne neered to express a gene encoding a heterologous 

thermostable enzyme; 

(b) culturing said mesophilic host cell to pro- 
duce said thermostable enzyme in a mixture com- 
prising unwanted contaminants; and 

45 (c) purifying said thermostable enzyme, said 

purification comprising at least one step in which a 
mixture comprising said unwanted contaminants is 
heated to a temperature sufficient to Inactivate said 
unwanted contaminants but not sufficient to inac- 

so tivate said thermostable enzyme. 

2. A method according to Claim 1, further 
characterised in that after said culturing step, the 
mesophilic host cell is lysed to produce a lysate 
comprising said thermostable enzyme. 

55 3. A method according to Claims 1 or 2, further 
characterised in that said purification comprises 
heating said mixtur comprising said unwanted 
contaminants to effect essentially completely pre- 
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cipitation of said unwanted contaminants from a 
liquid phase comprising the thermostable enzyme. 

4. A method according to Claim 3, further 
characterised in that said unwanted contaminants 
comprise proteins, and said heating step denatures 
said proteins causing them to precipitate. 

5. A method according io any preceding ciaim, 
further characterised in that said unwanted con- 
taminants are endonuc leases, exonucleases, or 
proteases. 

6. A method according to any preceding claim, 
further characterised in that the thermostable en- 
zyme catalyses metabolism of, modification of, or 
action on a nucleic acid. 

7. A method according to Claim 6, further 
characterised in that the thermostable enzyme is a 
DNA iigase or a DNA polymerase. 

8. A method according to Claim 7, further 
characterised in that the thermostable enzyme is a 
DNA polymerase or a DNA ligase from a ther- 
mophilic bacteria. 

9. A method according to Claim 8, further 
characterised in that the thermostable enzyme is 
from a thermophilic bacterium selected from Ther- 
mus flarus, Thermus ruber, Thermus thermophilus , 
Bacillus stearothermophilus , Thermus aquaticus , 
Thermus (acteus , Thermus rubens and 
Methanothermus fervidus. 

10. A method according to any preceding 
claim, further characterised in that said temperature 
is from 65* C to about- 100* C; and. preferably from 
80' C to about 85* C. 

11 . A method for assaying tor NAD-dependent 
thermostable nucleic acid ligase activity, charac- 
terised in comprising forming a stable covalent 
AMP adduct of said ligase and detecting said ad- 
duct. 

12. A method according to Claim 11, further 
characterised in that the adenyl moiety of said 
adduct is labeled. 

13. A method according to Claims 11 or 12, 
further characterised in that the adenyl moiety of 
said adduct is derived from NAD. 

14. A method according to any of Claims 11, 
12 or 13, further characterised in that said ligase is 
a thermophilic ligase, and said ligase activity is 
detected in a sample comprising undesired con- 
taminants: and in that said method comprises heat- 
ing a mixture comprising said ligase and said un- 
desired contaminants to a temperature which de- 
natures or inactivates said undesired contaminants 
but not said ligase. 

15. A method of cloning nucleic acid encoding 
nucleic acid ligase activity, in which a library of 
nucleic add segments is transformed into host 
cells, characterised In that said transformed host 
cells are screened to Identify cells which express 
ligase activity by a method according to any of 



Claims 11 to 14. 

16. A cloned thermostable nucleic acid ligase 
gene. 

17. A gene according to Claim 16, further 
5 characterised in that said gene is part of an expres- 
sion vehicle comprising a promoter providing en- 
hanced expression of said gene. 

18. A gene according to Claim 17, further 
characterised in that said expression vehicle is 

70 pGL628. 

19. An essentially pure nucleic acid sequence 
encoding a thermostable nucleic acid ligase. 
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© A thermostable enzyme free from unwanted con- 
taminants is isolated by: 

(a) providing a mesophilic host ceil engineered to 
express a gene encoding a heterologous ther- 
mostable enzyme: 

(b) cufturing the mesophilic host ceil and produc- 
ing the thermostable enzyme in a mixture com- 
prising unwanted contaminants; and 

(c) purifying the thermostable enzyme by a meth- 
od that includes heating the enzyme and the 



unwanted contaminants to a temperature suffi- 
cient to inactivate the unwanted contaminants but 
not sufficient to inactivate the thermostable en- 
zyme. 

A method of assaying for nucleic acid ligase is 
described which includes forming an adenyl adduct 
with the ligase and detecting the adduct. The latter 
method is used to screen a library of transformants 
for the ability to express the nucleic acid ligase. 
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